Introduction 43 44
Because of its beneficial properties to manufactured products, talc is widely used in 45 paper coating, paint, ceramics, and polymer industries. In the automotive industry, talc is 46 added to polymers to stabilize and harden automobile spare parts such as fenders, dashboards, 47 steering wheels, etc. However, because different talc varieties can exhibit a wide range of 48 physical and chemical properties it is necessary to optimize the use of these different types of 49 talc for specific industrial applications. In particular, it is necessary to take into account the 50 compared with data in the literature and structural parameters of the bulk structure obtained 76 from X-ray diffraction (XRD) and selected-area electron diffraction (SAED). 
Crystallographic data 98
Talc is a 2:1 phyllosilicate structure ( To obtain information on the crystallographic parameters, particularly in the ab plane, 123 XRD data was collected on a randomly oriented sample. The centimetric talc flakes were 124 ground to a fine powder in an agate mortar. XRD data was collected with a Bruker D5000 125
Soller slits, the antiscatter slit, and the resolution slit were 0.5°, 2.3°, 2.3°, 0.5° and 0.06°, 130
respectively. Cell parameters were refined using U-Fit 1.3 software assuming a P-1 space 131 group (Perdikatsis & Burzlaff, 1981 used. Talc flakes were finely ground under acetone (to minimize possible oxidation of Fe) and 139 the resulting powder was placed in a plexiglas sample holder. The spectrum was recorded 140 using a Canberra multichannel analyzer at 80°K to benefit from the second-order Doppler 141 effect. The isomer shift was recorded with respect to α-Fe metal. As recommended by 142 Rancourt et al. (1992) , the absorbtion thickness of the talc sample was calculated to minimize 143 the width of the absorption lines using data from the phlogopite-annite series as phlogopite 144 has a similar Fe- 
Atomic force microscopy 161
The talc surface was investigated by atomic force microscopy (AFM) using a 162 Nanoscope II AFM from Digital Instruments. The talc sample was scanned in air using the 163 repulsive contact mode with constant deflection. The D-head piezoelectric scanner was 164 calibrated using HOP graphite and mica. The pyramidal shaped Si 3 N 4 cantilevers from Digital 165 Instrument with 200 µm wide legs and a spring constant of 0.12 N.m -1 were used. The talc 166 sample was cleaved along {001} plane surface prior to observation using adhesive tape. 167
Observations were performed using a vibration isolated platform and the thermal drift was 168 minimized by waiting for the AFM to equilibrate with ambient temperature. Contact forces, 169 scan speeds and scan directions were adjusted to optimize the resolution. 170
Mössbauer spectroscopy 174
side of the -0.5 mm.s -1 peak. A good fit to the experimental data was obtained with four 179
Lorentzian doublets (Fig. 2b - were then averaged to obtain a single a* unit-cell dimension in the reciprocal space. However, 220 in order to determine the unit-cell dimension in the ab plane in the direct space, it is necessary 221 to take into account the 3D symmetry of the unit-cell: 222
(1) 223
As talc crystallizes in a triclinic system, unit-cell dimensions in the direct space cannot be 224 simply deduced from the distances measured on the SAED pattern without making some 225 assumptions for the values of α, β and γ angles. Therefore, α, β and γ values from XRD 226 analysis (Table 2) were used in Eq. 1, and the following relationship was then obtained: 227
Note that the same relationship can be obtained, without using results from XRD, if one 229 assumes that (i) the γ angle is close to 120°, and that (ii) the α and β angles are between 85 230 and 100° then the approximations sinα~1 and cos 2 α~cos 2 β~cosα.cosβ~0 can be used. It 231 follows that from direct measurements of the SAED patterns and from the relation given 232 above (Eq. 2), it is possible to deduce that a or = a = 5.32(3) Å and that b or = a or √3 = 9.22(5) Å 233 (Table 2) . 234 topography is shown in Figure 5d and reveals that after cleavage these crystals are several 242 tens of unit layers thick. This sample also has very large domains with flat surfaces which are 243 particularly suitable for AFM imaging. Note the variation in Z direction on these almost flat 244 regions that can be attributed to cantilever vibration which is greater when recording in air 245 condition as contrast to images recorded in liquid (Kuwahara et al., 1998 (Kuwahara et al., , 2001 ). molecules. However, because cantilever drift easily removes interlayer cations from the mica 285 surface, in spite of the strong electrostatic binding forces (Kuwahara, 1999 (Kuwahara, , 2001 ), a similar 286 "cleaning" of adsorbed species from the uncharged talc surface is most likely to occur. 287
The 2D FFT in which pseudo-hexagonal pattern was shown with different orders has 288 indicated a well-defined periodic structure (Fig. 7) . Back 2D FFT is commonly applied to 289 remove extraneous signal from images but appears to be a controversial method. The two 290 main criticisms are: i) important features of the raw image are removed and/or features that 291
were not initially present are introduced, and ii) atomic positions are averaged. Wicks et al. 292 (1998) discussed thoroughly these potential pitfalls, pointing out that the first point is 293 essentially dependent on the competence of the user who should check carefully the FFT 294 spots. Then, if all the structure information is used in the back 2D FFT operation, only high-295 frequency noise is removed, and the overall image enhancement does not affect structure 296 details. Wicks et al. (1998) also demonstrated that following this image processing, atoms 297 displaced from their ideal positions were not averaged as initially supposed. Figure 9a shows 298 (Fig. 7a) . The filtered image (Fig. 9a) is essentially similar to the raw image (Fig. 6) but  300 shows a spectacular enhancement of structural features, mainly alternate tetrahedra. The 301 individual tetrahedra positions can be drawn to reveal the surface structure of talc (Fig. 9b) . 302
Note the presence of a small "hump" in the siloxane cavity. However, because of evident 303 artefacts due in particular to the interaction between the double-atom cantilever tip and the 304 sample, extreme care should be taken in the interpretation of these features in structural terms. 305 306
Talc unit-cell parameters 307
To determine the unit-cell dimension of the talc surface layer, approximately 100 308 measurements in each of the m and n three directions (corresponding to a or and b or directions, 309 respectively) were performed on the raw images (Fig. 8) . The frequency distribution of m and 310 n indicates a single-mode distribution for each which agrees with published distributions 311 (Vrdoljak et al., 1994; Kuwahara, 1999 Kuwahara, , 2001 ). 312
The a or and b or parameters measured on the talc surface by AFM are 5.47±0.28 Å and 313 9.48±0.28 Å, respectively ( Table 2 ). The uncertainty is quite high (~5% and 3% for a or and 314 b or , respectively), but is consistent with other AFM studies on clay minerals (between ~2% 315 and 8%, e.g., Vrdoljak et al., 1994; Kuwahara, 1999 Kuwahara, , 2001 reported for other phyllosilicates, but the uncertainty systematically includes the ideal unit-320 cell dimensions (Vrdoljak et al. (1994) and Kuwahara (1999) on chlorite and muscovite, 321 respectively). This enlargement of unit-cell parameters was attributed to surface relaxation. 322
However, in contrast to micas or chlorite, no interlayer sheet or cation contributes to 323 interlayer cohesion in talc. As a result, surface relaxation is unlikely for talc and the observed 324 variation in unit-cell dimensions may rather be attributed to instrumental effects as evoked by 325 Vrdoljak et al. (1994) . Note that improved unit-cell dimensions could be obtained by 326 recording images in liquid environment rather than in air conditions as done in the present 327 study (Kuwahara 1999 (Kuwahara , 2001 Sokolov et al., 1997 Sokolov et al., , 1999 ) . 328
Unit-cell dimensions obtained from XRD and SAED are consistent (Table 2) despite 329 difficulties intrinsic to SAED such as the calibration of the camera constant, the alignment of 330 a single crystal along [001] and the inability to precisely determine α, β and γ angles for a 331 triclinic system. Moreover, the uncertainty on the measured values is low for the two methods 332 (~0.1% and 0.6% for XRD and SAED, respectively - Table 2 ). In contrast, a or and b or 333 parameters measured on the talc surface by AFM are scattered and the resulting uncertainty 334 on the unit-cell parameter is much higher as discussed above. XRD and SAED (providing a 335 good calibration of the camera constant) are more accurate methods to determine unit-cell 336 parameters because of the improved statistics (for XRD) and of the enhanced sensitivity to 337 crystal geometry. 338
Because the sample used in the present study presents a quasi-ideal surface structure 339 with extremely limited tetrahedral tilts/rotations and limited, if any, surface relaxation, the 340 variation in unit-cell dimensions can therefore rather be attributed to instrumental variability 341 
